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(54) TiUe: METHOD AND APPARATUS FOR BUS ARBITRATION WITH WEIGHTED BANDWIDTH ALLOCATION 



(57) Abstract 

A method and apparatus for bus arbitration with weighted 
bandwidth allocation are described. Each bus agent is assigned a_ 
weight that governs the percentage of bus bandwidth allocated to the 
agent. An agent is granted control of the bus base, at least in part, 
upon its weight. The weight corresponds to the number of arbitration 
states assigned to the agent, where each state represents a grant of bus 
control. If a first agent is assigned a weight W and all agents together 
are assigned a total weight Z, an arbiter guarantees bus control to the 
first agent for at least W arbitrations out of Z arbitrations in which the 
first agent requests bus control. By employing this scheme, the first 
agent is guaranteed a fraction W/Z of the bus bandwidth. To ensure 
flexibility of bandwidth allocation, the weith may be programmed using 
conventional memory-mapped techniques. The arbitration scheme of 
the present invention can be split into multiple levels of hierarchy, 
where arbitration at each level is controlled by an independent state 
machine. When an agent wins arbitration at one level, it is passed to 
the next higher level where it competes with other agents at that level 
for bus access. A bus agent may also raise the priority of its request 
based upon the urgency of the request. If a low priority request is not 
acknowledged after the expiration of a predetermined waiting period, 
then the agent raises the request to a high priority request. The waiting 
period is selected so that the agent will be guaranteed access to the 
bus within a worst case latency period after asserting a request. 
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?f§s fli^-s^t^ sxiM: ?HAitK:h ' Bi- a- ^MbTam^.a mbia 

^- #EH¥\Hi± ar0|2|' ^5hS; UEhtftk .731" 1 .Oildl&E^ .?!««■. e n&stif 's^wiQia-M 
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1EIDIPCH ii^SSHIOICNf' .fflef , V.5Sa L S; HtH-!^^ MM2i. BOIEI- g^g «tf S,SEt Al^Oil CH 

s\ .aa^-gsi * Ai-^iiB ^aath 01 :cHt^ Aj^g-^ a^/a^-(i/o) ' tiuidi^g -asg t 

3»5 . tt.¥b 9AI2HM0I CH^IT QlOIEKWaCH; bim BIOIEDS' JSiBlorif 123} 

SiHK, ^S-SEI .A|^BS,.«S aiOIEI- E|^(resburce)# .fl^B-JS' DIK i/o ;E|dtOI:^ 

■IHAI S!'^e SEilpliM-AIS g^SPI °loli njdl3;S5S*p'AI SWr LH§& 2iE> £Et.h M 
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4 fflSSA| «SS£h S£!S:7H*ISe DflOiaM^D^Eia »KQ,. HM/StWIS MOI'SMS #2HMEKtt 

qk .joie qiioisM^ o^EiSAi°K jas*m. ;Oie:oiiois€^ maMSAia -aissKiL cue .3tm&.m 

IslQil ;.19H2|.. (HIOISME.HDI ttt^g StH ..-BHW^-SlCh 2JH2J . Oil.Oia M2f bH^tHL.TH^. 

>Ai:cHi Aisuhs sa £§,:bse.b§.. aiioiaMw ... tH^tnt iHy- ssoi. ^?© a^p-aa, 




■:Mui&\'£g:?\mM£tttix& m?mw j 4<2im : ;: iqv . : «^s§a's"E^sffl=cs^.r*"irt) "«a "?i-?ihi " -si* 
oHii- ^ aa. - ^:oi ; ^i^oii Ai^ s^h 011X1:. ^ : Motr ch^h : bi ^ ssoi * oit ^ oh 
■£jfs ekai *i«aesv. n moisms^ swtAi saiz* ^Pisewii was n 

loisM&sivss^ — - < 

^gi^°a '£$m "aa ai : e»isg' :: E*s.Erga a -a tr ^a^rss hkoii : a.3&>a* eich 
.ab. tf^}jw*6&.\tf£ eh7i Ai;2t(^£H ^^si.'jS^iaoi :?fcei« Mstfs a^sfe qihkdi^ 

n.ciBi-oi^oii .ch^sf •■atHSi/tH^L.Aiaoi.-trsas sa s&spi -wiLaistk^a 
vsa^Dii nsaiHot^ 'Is^kad: 01 stia. gxii 7i^i- hhsi gaeicni ;*raeh 01. 7isg 01 

guhOl -H|.£ CH3#3 *S):§t!: .KS«^-fiSSt=. «B&FaI °!#^ AIM( inf |.exitile)&KJ.. ICI-EWi fl.S 

-OI SM(r OilOISMiOll& 'SjQlE 

:^S^2S ;3FS«0il : 2J71& : W^2|,^IGH7K^?fath.- □ 'WOigMM" 73§a .go a^oj 

^MBi>#.:7FS«^ zer#M : xisgrs"^#/ &^si-;sai .g*i.M z-sxbsoiiai sidie ra .^^tm ai, 
ama jaswlfe -a" i wigismdii tH^-.-aoia .sstiO. oi, j\^m tmtts.^, m i chioismchi 

: ,s*is* s^a : Maa"-ms:^ia*iQrs*:ioi/^mEHSB: 4 v ac^ v ' - 

:s'iii2siEiDi\3 : rai^wXi 'tf&-.wioiSMffl': sss -sw aaltHiKr 5 MgjtiH> xii i oni.diafe^h : -^s*h 
; ^ ---a 2 .ana eoskzhi aEhs u a 2 oismiAj ^aam .5!^o}n chswi/avi jMioigms-afil 

^: ;^:. ^9ia. ;a ^^38«:20Td: ; *^|| . Ai 'OW 0 1 S'MSK EKE ' 

aim 2°j chioism^ ai^ 2°j ^ai ws-bisd;; aim m-M : #maa^a«*ra «ot ? ai 

% a: j ^"ora'Mgt •a-a^-oioi.aSaGi -msbi^. :^?sm AiE.^g an 
;oi:Qt ma, ;:. aeji^s,:;a > ,oiiQi:as^i-..cHS&t=:. mastic ainofii : ^aos .k^aa..a--iist 
•^iswjS:, qsoii a v i (Hioi.as^ : wkv^;'3^tD w v s de.^e: ' tH^ 'ao) g ^p^ek. ; ' ^'?t/;* 
»n-a'.tf2j .ia^iworsM7K:* - .7t5=*j- : 'zics- : ^sir^- §^ a i oiiofaM^. a i <HioiaH7i a 




IQE 

;asttEK 

va i MoisM^tsiia zai ^if i!# s-^oife ai^;^Wa(wihneh) mioiaMSAi^^i; 'is. 
;ath. ai w i on ai;' aii^Hj :^eivwioi2 ^ aiv s^^QF&.aiM W Qjiois^h ai^ r?j ®a . ^fat 7i : 
■gas , xi;sa ek, a«i2si. ;#ei 'hoi a s , , :ob sch : aim r 2sj -m oia e-ga-^ii;. ;am is n^-a 
.en. a; i oiiora-MCHi : ai§ a : * aim . isj ^ ^ ■ -'^#12^ §n efseqii «' .^a mm ?-««tP"»s-- aim 
:2si*-M:Oia'EMS."-aSH3fl 'sscf; aim 221 -^a wdiaM^i- aim. i?j ojioismgoi assKs a^.s; 
'OiiAt-71-S' aim -isi ^av^a.^ia' ada. dsoii aim s ga mioiaM^ aim. imai ?-aa. 
e acHM ,&?^ek; ' 

itj- a:^ »GiaM7K tui-.^w pfe assw 2j7i§W ^a 

ath. : bH^.Dij:oiaM7F mioiEi -a^e. -wAiwaa-^-ie ^isw s ^s"?^: 
^?isi 2?i ig^f;' 3^^ ifcssi ch7,i Aia§i sar^oiia -w^bi-tj ■•■■•ssa, th^hai, a,oii 
disss ; ^a^j , * . %7if , t>ci- . sj*^£^ °a fi^^ igt wra^ 
5]oho| gtooj ct^i Ai^ 71^1-° g^Ei. Aiiaw. aa-sas. ih^i ^izmhchi . wigi.^m^ 
•aej-a^ n ; -'oioiaM-& a^a is»;*si-a9i2i g^sj cH^i Ai.aei zim wi m^wr CHi^sea 
■sttM i ;2qiek B .irssi oi sa ^s- §^;.7ibs Qwatrsa. ^i^hhiee -mesa an mt\ 
zm&g'gp ?ms' mM:J\lnMSLmm m ^, aEh. 
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^E^gvB ass) $m^:i^^ t . 

E,-4^^ #EHE:. 

S 5~ .'E 42] ei-sh-^^^- ;^pil HVSf?l <££| 4^ 71 feS ;?§£J 2tt £3 . 

•E'7¥,B W(HI ^ eXH »£|2| dfft ^ AIOIIM iSofe #EHE , 

E&= E 62|*-5l;SB E|-£E>-MS!: SXH ^^ffil,^ :££|2[ S^S SS^fS EE;. 

E Sfe B ojtt ip' SS^' E3 . 

e io^.;s^(Hi. : ^-7ii#-aa2i sxhoii &we. 

Mem-HuS ^(iod)Qi ^ : -WEBr'BB;tro4)(fii : Sfffcs mi sar pbigi^x i 02)011 ssacn .vsiep:- s^Ma 

atl 02)S-* S5SI DRAM ( SDRAM) £ siL AT ^ 2JELK DHD|3-S5S»A| ■ Si (1 00)£ § g 3fH A|( 1 08)£K 0101 

:ei:»ai(*io>^ ..^RuxiGejai:':^,.^.^^^: lhm cru. urn 

B 1 2)011 -gift ; .g^S - ^S^«a'tKSr' % '^ ' HfiEF'-a E110|^(114)B ?W • 7m ! SH 

■a lh.¥ . tff£( ; :i r?)2j ;^iDi;s. '^i tii nron-a* fftf b^u \z&. ws^:inz)z^ : .:tiorH' ^a*» ist? 

-W¥sj :gHs : -#y ; S BiDiQicH .il/Mi^MAi friis i/b aaaioi^i^isfe urd^-flS £i 
(i:i'6)s,Bi^(ii2)2K ; ^ onaei oi£Woi:*tii4^-l ? aa *"maa<:i:02)oi;.-'»sftK7M«a a r #s ■.-.^.as 
.j£*H3£Hiaa ,qigieim: ^jshzk ;aiai-^S::;Satvi8)S/S( ioo)Qii ai Hiciar D2sf«aGLCE*i.»s 

;^ia-aiGiE^vvsci syxi22)S §;(ioo)H££Ei- aise 

dib'lBS^MAtb Oiofw ¥»a$l(cor^^ S^HDjy-.^'OrdW ¥«ERI('l24)b 4 

ST2> ; □ i □ | X| Bi : EH llh Al Zh^ SJ" v CPUC 1 06 ) g V S 51 0 1 CF; VLD'(7IS 101 QfflQ) ^ 

/SEI 71 (.1 26)^; :%fttm& HIQ 2 HI 01 HSJ : • 2d§# : JML 'tHSSIfe' MPEG > WJSEI §3. -.2K*2| 

'^M?i^"«<i:t)i*TacFi.' isate'jssfcsefs* °(aioi^:syo28js s-s ,^aoi; per 

ur^oii si^aaA.srcih; asms/:-^^^^ c£g eis!aioh v 2i^ .epromhs^ei ^ 

' e ^ WIS E| (102) Oil #E€!f>. 

E 2^ "CHI SEI &Eil0|^(i 14)2J . 71^^ M*EditK. 01 ^VrfaEI °jE1Sll0l^dl4)^ OiiEEl X1ICH7I 

(200)2K. (202m * 'EtfilES: ' 01 -«a?l (2G2)fe LH ¥ GPU tH *'( 1 12)011 s aa*CT"WI §5 ofe" bH £ 

'■■MOtBMS Oii- hH^ OilOIS^f 1.1 2)2| WOI*\«3h-B f &jl« e^tJCF. WS-EI 7HI 0171 (200)^:. 

: sLH$::;Hi^(ii2)oifAi ^ Diiaassi' .a^s:itn*pi : m\i - ; e? ^soii siji^eia :aa^e!r5SE§^as ; 

SM^JSftFIl^ SiEK -feg- ^a ^?l -AS REQ HI fih^B *?r.a^, RK! L0., MB3f 101^(20 
I" ^71 Eb O Ol^dii, ^H7I(202)^ o\$t ^-2 AGKM EH^r OF^IOil B3*fe SOD; 2J§H 

'Bi^7f '*»aft;a^te«3iafcjsraii-::2!0fi&. - SA^raL ea^KaBjffe^a^ ^ei^s^^ 

P ^Oil RAMIAGK> 2# | Oil E E| Xil 01 7 1 (200 J Qjl SSsl&r " ' " ' ' " 

3 m. m oiEEii^m 3-^ oi kai ^ m ^^ss, a ^hdi agk, d soil SBtfoi- 01, H1^^ 

-4. .ACK S|;S3^S£KOI«; Sfl &S: i!S:2J a.3»:- : ,SH*HJ5 OIEEO ^2KaEISE : 

.a^.T^7i(fli Aife adia^Mai'-Si . i ; «ie7^ ai.bi£i .. 61101 siif^ m^txmz&x. qioie^hI^ 
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:3r^(tyj^tated)gG|;. 

•?v ..mmm^vrntis., ;«E>-Aia^-2i a^oua** woia-sH- maai(i.02.)asi.. §§:aois2j a 
oiioigpi^ ^ei)oi a-eacK 

; Ek. M.SLE\ :m&mi2\ : J/0 M tfei'ttlUfe. HI 0IE1 ^AI{M0)2R:biEi£vS^! , 6)21 --SIGH- .axi*Ei 
..SSS : ^WfS;^vMMlB£ld 

: jSSs as -a ei hmdi^s mm i io^ra&v >&! sr<EAisra &§)# «a W -aswp- mm i o^hMySS-. 
idiofiig^ 

E- 3£ s ;^goj oyci :.;gfl.- : g7f PlW tSoPl mi : O^Et(300)2] ?B.*'7l"fe : 'B^S^WAItlO; 
' tH£- DhfcH (300)011 Ai SS Sp^EhS-OKS? aiA|^Ei(302), EF0IDi ; 51^(304) SI HI Oi .feEl" tl^(06)M 

' AisEioHdt:^. ?hai fci?Bfi;^# : ga £$121 i/o; .ass ^ig fXigi . ^oiq. 

. : .£SI 21 bH ^ .(HI 012 M (300)71- HGIEt -»*ABRI» -fflgBTfe *3S; W)f S:y(306)£^gpfl& 

£§7|#^ k h £ : -JSd ££I2J fi^. RECLL0M .S3&Q: HIDi 'Sy(306)S : SMOil EH3ICH (304)011 7HAI '£! 

; ±» '«3&>GI EK3|DK30i)7H'-3SMQK^l A|5J4Ek: ; E^a'.|O^SrES• v •E^a^^S^B7a^•E^0|^7|•e^a • Q| 
71 /7r^s ^|Oia e(300)7h.R^. t :iS^01l £|^ S °2] : CH7IAI212J ,7|^LH01IV Bl^Oll. CHth SBS : S 

'2j a^7> ^aas slisi EH^h*iaMtK-.|fs a^2j tH7i AizK^iae^i-r.disach 

:«W?I(202)S^ 

a ^ -j?av.^«2i ,; ei uioiiWi. eh^h £&s#,v«Jilt 0 5ioi ek, . aSvS"a;--as: -ms^m uhoi^feicHioi as 
• (3oo>^aE^^y.bfli^s ?ioii;oiioia,; 

M(3KI)StF ^{g-^a^^HM'Ja ;■ ,J -flEtK C(HlGI.SMX3dO)MAI?J" ¥^ ^S! ^?i2J M?7P ^g; 

•^;^^«.2i; ; 'S7» OlimNI|i'.> Sffl.^BISE fi Sffl SfflS UEFLHS. ESQIEK SEHAOtAt, 

.vtH^;:0ii oi aM(*)i-?;M^a a : oia^a^^?KaM^ boii Aig.ai : oil oiaM(B)7> : ,iois , aEW. 
^H^oiiAi .aa : BS2i msiimm^omm^tM^: mo\m srs-si-n • oiioiaM(B)oiiAi bH^ fi?7^.i - 

S:grIdl,: :6^HBS2i S0|7k:^tS M|5}iH" SiEK ^; tf^Sj g GHC?H QilOiS ^ (A ).01IAi MQISSXB) 

; fi?i'-i§.a im£ • ttt^i . ^ssoi M.Gi.g''E-(B)s : : : oi-aEi.as, ^a.si ggtr .HHSOi oi^pisp; : 

EFSE-SSJ. '9¥9:S£ OIB 'Etg- 7|-?2|:- §7fl .^EH SOIS S?I0J iSSIAi.SaSv^. SiQv E,4S - 
^HA01IA) ; 0||OiaM(B)7|; WOig-E'CAJHO'itS ■■"-EISE-SB! ^ SWB 3^12 ;2il EIH, ^ ^ 

*ofl;oi:SMW>BpV 4 -.Hii a^i.^gSJtrav oim uivrsj" -^ss's^oiioia M(B)S- diaaEt; di :»gi 

, (transit ibri)*0il, :»0)7h :^17Fa OilGISM(B)^ ^ *#IM-A|' .MEk:'.^€fSE-Se!.2| 
'WftW.-'SCS" ' ■•a : Sra^S70iaB : -^S' &SE-SH! ^ ■ ^«7.r00OIS-M(A)0ll WSEIiil/^OIIQiaM 
(Ai B)7h S^S aS'Bia : :':SW' 0||dlSM(«)?K. .tfteSJ' r '210IEK; r 0l 5^0||«I.V - SFSE^S 

& "zr la^oii ■ese^sj ^ ^i § iEfigm (rotati !B)t\£; a^s # fSlEfy 

*E . E ; 42j: 2J-Bt> ~Efe : E-Sej °J OtitfB Ai £ *|2| §7WJ iHf^^h'^lM ^ AlMtfc, .ri^Mbr, 
•;2M(A)7K. HSa £^ ^ - ^*IS AlgEIStEffi^HIK ^I^CH; ' MOI2:M^ 

voiEf : £h'aih?£ sisa, nE\n.im^w?£tt^m8\ : wn m^ iw?\ M&mmm sioiek 

E ..5B*;«2».i&,." CHIOI 5!M( A)7F; bfj >:2J ;*|| di# 01IOjaM(B)7l- a^S ^'d ^2| a^g^^gfK 

•; r era:oi oiioia&cA)^..^* ■■..*asm^si-w-.-ss 2jgoi ; & :«oia mcbis- -^aas ^ss>R:ai^2i 

GHS?&)7hBfeEI- v HaLh CHldial(A)7i W^2j JilOlg ^II 0ilOiaM(B)7>. ^ ^I2J E 

■ys-iaoi-ii-a^ \eiaoi -MofsMCAjE 2i;:ia.^&-ss«ffiv;aEi-a> : o^ol ; a•M(A)7^ ;o 

-Ai tt^2i adiS;.a5MfeEh oi sssgiKs s^i^oiiAf ;ai^s- ^:aCh s^.MfiiastB)^ a 
^M,;cH&jssf ^hep/t!;EK. ; : %&sm; f 7F 7i^pii siffija # . ^.;CH;7i :7!&oi% qjiqiaM(B)^ m± 

15-4 



^1999-0067681: 

; ai tfofia i mmm^Bpn^ ££i2j ^^s^ojb-oiioi^mcb)^^ ^ 

-mo^ga: ' afe^TS^isifl- ^©^oititi?" $tt-Akt£f&' BisfiKiV*Ai-s "ffl2t\:nia*issi:: 




g dhS SAIQIKHl SJoJS, 'tH^ -DllOiaMSi; g& H OlOiaM^K ElgE-SS -'.SXIIZHM. Di 

■»2i" ^is-cunequai^^ »^2|- e^e-£2 

*&eh;eqi«' -bi^ :oiiGigE(A)Dfl& c w.^iiHroiaM(B)^' rt'3*M*:2iH2i - ch^oi itshgk : :;g&£i Eh 
: ^E-sej 2i*?w ■■shhs^ Hi^; ; QiioismA)S -*sr i *n r vEHSE : oi«,'^aa*' tiw-.-a^oi sfswiH- 
-&temh&va- Ms^agfi-sa.-^ " sWsv&ai 73 § § • ?«. hei u , s 6sj mm ; 

;0I2IM(A)7K^^X| £g::WSatr&Gft; 01, QM(cteub;ie)^7hg?|^ HI* W0ISM(Ap r : 3»2J SflT SGI 
kE(*1;A2 S B)M"-'2|«:UEFB- : 338'2| ErSESMAi # 2ffl2].'S» HSEZHHI *S ^£ £«9 SEHI 

axis *-aQ=-.a*.i'AiaEi:.: ckw, a-* woiaM(A)^ a, : i8» efsex^eh *i-)w/i.saa;»..- 

Ci#(HI= -BI^V()|:QiaS<A)2K':QAI . IH& §11; fl^.B*<6HI'"'«Z),-.»i.0tQlfl.S' 

?■(«■& -'sr 2 snn as : EM A-r^aai • * wtv safflia.-- ^ibilk oi 2 .eisezmhi; MoisM<Apk t«a 




■a # -^waw: z fa s^V' or tiii ^i#*f wi wfe (HlDiaMs n oiOia'M^t a^wi ch© aea ja^i- 
(rtoia^B a cm/Him zf\ m im m$\m°£ ?ms\o\ sin. s§ mois^k tn^ §as 

^©QB;.*M; **«a : SQi^ £A1^; AI aVBV A2v C yQIEZk; " GHC?I Al^t* ?H^I ^Zfe; 40IQh. 01 * 
va^//M : Ofa:M(*)S. Wi\SIQ| , *^ : ?*>42- aQhS -7fS*miAi 45|2| EFSESOllAi ms: 25I2J 

;.B|:SEO|. /^SICI;..: ' 

iwg sBa^EHHeisi' ^ ^ism: ssw^aae, ^Qiast*;B).7f ^ ' "Ai« : Ai,-;Ai^a^s :is. 
%iEra;;;QB"M-&;.;^a a2^ .soia *h; -'saa» 5 '^HefEK ; aBfiih E ftHi "sio-rav;c5a 

'"II Dtf OilOISMfe OiS E^ S?ffl^-*I2| fiSE. SS^Hl :&PS,.-'OI ilHOfl^ o 
vi y 5 ^^|(Hf Al ; tH^ 2 fl^te :WIGia M^h - S XB : El§ EOjj Ai. 3 f ' ? 2!S8 3101 CK r 0fl3CH> 4»€H; 
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